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Extended Abstrac;;

Introduction

In recent  years, there has km a rebirth of interest in NASA’s long term mission c)f plamtaty  exploration.
Following the recent successful Magellan  mission to Venus, it now appears appropriate to begin initial
consideration of possible robotic missions to Venus. hI particular, wed concepts for robotic missions to
obtain information relevant to the atmosphere and surface of VcmJs are now under consideration by
NASA.

For all of the potential missions currently under consideration, telecommunications is essential for returning
gathered sc.ientMc data to Earth. Due to the large distar)ce  from Venus to Earth (-1.7 AU),
comnmn-icatious  equipment supporting links between Venus and Earth reprtxwnts  a signifkant mass,
power, and cost burden for any mission clement in the Venus mg;orr,  With the potential for multiple
simultaneous elements at Venus, the costs associated with providing each element a separate
eornmunications  capability with Earth can kcome exeessive.  One way to reduce  this burden is to use a
Venus orbiting relay sateUite  (VKS) to re~ay information between load Venus elements arrd Barth. With
such a relay, i.rdvidual  mission elements need only have emnmurrications  equipment supporting a link to
and from the relay satellite -- at much lower mass, power, and cost than a system capable of
communications directly to and from Earth. Addjtiorudly, a rday satellite, by cokting data from local
Venus elcmcttts  and then later transmitting the data to %rth, offers the potential for data relay from
elements M Venus that. am. not clirectl  y visihln  from tbe Earth. For all of them.  reasons, the consideration of
a Venus orbiting relay satellite providing communications suppor[ to multiple missions in the Venus region
appears appropriate at this time.

This paper discusses orbit design trades relevant 10 use of a Venu& orbiting relay satellite supporting a
variety of potential Verms robotic mission types. The emphasis is on the impact of mission
telecommunications requirements on sehzticrn of a relay satellite otilt  and thosfi  c.haractmistics  of the relay
satellite orbit that can benefit or hinder mission perfotmanee for the variety of potential Venus robotic
missions  now urxkr consideration. The results to be reported in U]is paper are based on studies performed
by the Jet Propulsion Laboratory and Stanford Tekcommunkmicms,  Itrc. under the sponsorskp of
NASA’s Office of Space Communications,

Mi$skm Requirements

The types of missions which are being considered for Venus and for which Ekwth  communications could
be enhanced by an orbiting relay satellite include:

. Atmospheric probes fur ccJ11e41g  data  whik dwwnding though Ihe Venus atmosphere; they
am not generally expwk.d to survive impaetl

● Landem of sewxal  varktics  for surf- studies, havinf, progressively longet  lives.  Multipk
simultaneous landers are desirable for seismic data collection,

● Rallnnns  which wr-mkl  rqwxrtodly  descend to the swfaee,  touchdown and return to the upper

atmosphere.

● Rovers for surface exploration.
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Key Trades

VRS orbit characteristics have a large impact on both conmxtivhy  to the mission tknenta  (i.e., h-situ
coverage) as well as the quantity  of data which ean be tlansrn.itta-l from mission eleroettts  to the VRS.
Trades relative to each of these considerations are outhned below. A key factor that greatly influences both
ecrvcragc  and data quantity trades is the very S1OW Lotation rate of Venus. It Ekes -243 days for Verms to
rotate once about its axis, causing planet/VRS orbit gemnctric relatirmship< to r~.nmin  relatively constant
from one (Earth) day to the next, Contrast this situation to the Ewth,  for which a polar orbiting satellite
(such as LandSat) can lx assured coverage to the entire planet once every few days (SklCfS  the Earth rotates
beneath the relatively fixed plane of the orbit once per day). No simple solution ex!sts to guarantee data
return from every point on Venus over such a short time period. The seetions  Mow provide sample in-situ
coverage and data quantity analyses n+want to both elliptical and circular Venus orhitx. AR descrikl
below, orbit selection greatly impacts both of these key telecommunicatiotls  charitctm-istiw.

Coverage

A VRS in a circular orbit can provide daily contact to a limited band of users, those some distance on
either side of its ground trati.  The width and placcmcnt  of tk bal }d 01 swath of SUI fac~ coveIage  is  ulbit

dependent- higher altitude satellites have a wider coverage swath, mro inclination satellites have their
swaths cerkmcl ors the equator. Landers are thus Iimitrd in their possible deployment locations by the
type of ottit  chosen for the relay satellite.

For many of the candidate Venus missions, locations of Venus sutiaee  elements maybe r~trictcd  to lower
l.atitudc  regions of Venus,  with only limited missions (such as balloons) reaching higher latitudes, Exhibit
1 defines in-situ covecage  provided to a variety of circular Venus orbits emphasi?.ing orbits that prtwide
daily GUVGIagG  w Llw equa[utial  ~Ggium  uf Vtmus. ‘l%c dashd lims ddirw combinations of VRS altitude
and inclination that provide coverage (each day) to iil surface points on Venus within a swath of indicated
size about the equator of Venus. The solid lines define orbits that provide some coverage to either +806 or
W latitude, If a circular satellite with an altitude of 10,000  km is incliied,  that inclination can go as high
as -40° and the relay can stilf provide service to a lander anywhere along the entire equator, as .-n by the
dashed equator dcmatxxticm  liuc. Any satdhtc  with a combination of altitude and inclination whidl pl~=s  it
above and to the right of the 90° line will be able to see the poles. Relay satellites with the combination of
characteristics located to the right and between the eqttatoriaf  line and the pole line will  be able to scc both
the entire equator and both poles, though there will still be holes in the coverage at middk latitudes.

Exhibit 2 shows a coverage plot of a sample, highly elliptical orbit having a 12 hour period and 600 km
periapsis  altitude. Placing the line of nodes parallel to the line ofapsides  allows for complete equatorial
coverage for landers with a 15° elevation titmum viewing elevation reshiction.  Note that the amount of
the surfttee provided coverage varies greatly between apoapsts and periapsls.  Thus the eccentricity of the
chosen orbit influences the potential lander lecations  that can be p~ovided communication serviee,
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in-Sltul?ataReturn

Exhibit3cxamines k-situ &Mretmfor  amgcofcimul~  mbits.  lander  and VRSparameters  hvebccn
held fixed in the exhibit (fixed transmit power, frequency, anumna  choke and sire). The aggregate data
returm potential for each surface location is plotted. The decrease in the aggregate data return per location
per day for higher altitude, longer period relays k a result of the increased communications range. Note that
while cxrntact times are greater for higher altitude orbits, the return data rate achieved by a surface element

deere- as the square of com.rou.nieations range (all other factom  being fixed) resulting in a net decreaae  in
data Wurned,

For highly elliptical VRS orbits, the situation k somewhat mcn complex. Duet o the very large variations
in surface to WU3 t-ange and contact times occurring during the O] tilt of the. V KS, rate adaptation schemes,

adapting the data rate to an c@imum  value corresponding to local emnmuuications  conditions, need to be
used to optimi72 the data returned to the VRS. While this adds complexity to the communimtirms  packages
of both tic Iandcrs and the VRS, the added complexity needs to bc weighed against the increased difflcuhy
of circularizing the VRS orbh.

Exhibit 4 illustrates aggregate data return from surface points to the VIM as a function of surface location
over a one day period for an example elliptical VRS orbit.  Using rate adaptation to permit the data rate to be
raised as the range to the surface is reduced permits sigmfieant  data qwmtitim  to be returned to the VRS by
points beneath the VRS periapsis  des@e their very short contact times (e.g., a MI minutes).

Summary

As described above,  sdectio~  of a VRS ofi~t  has a large impact on overall mission performance for the
potential Venus missions now under consideration. Final  determination of orbit characteristics for the VRS
will depend greatly on the set of Venus missions to be supported, their deployrmmt  locations at Venus, and
the individual mc.ds of each mission.
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VRS: 600 km Periapsk Altitude, 12 Hr Pwiod
Line  of Ap$iues Parallel to tine d Nodes

.Iwj -Irjl) -140 -120 -loo -80 -W40a020#3e) M lDO lm 140 le4 lao
~ [-)

E%hibit  2: Swface  Regions Provided Coverage by an Elliptical W@  orbit
at Various Minimum Lander Ekwation Angles
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Exhibd 3: In-Situ Return Data Quantity for Various
Circular, Equatorial VRS Orbits and Lander Locations
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Exhibit 4: In-Situ Surface Data Quantity per Eem Day
vs Surface Location tor an Elliptical VRS Orbit
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